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Jamie Lehnen
● Summer 2017 archiving intern
● Graduated from University of Houston
with degree in Biochemistry and
Biophysics
● Physics teacher
● Hobbies: flying, reading

InSight
Interior Exploration using Seismic Investigations, Geodesy, and Heat Transport
Original launch window was March 4th to March 30th, 2016 but delayed due to
vacuum leak in one of the instruments
Launch Date: May 5th, 2018 from
Vandenberg Air Force Base
Landing Date: November 26th, 2018

Instruments on InSight
SEIS:
seismometer
measuring
vibrations
caused by the
internal
activity of
Mars

HP3:
heat probe
measuring the
temperature
of Mars

RISE:
A radio science
instrument measuring
the wobble of Mars’
North Pole

Where isolates are from
● 1,293 organisms archived from a
variety of locations during ATLO
1.0 (2016) and ATLO 2.0 (2018)
○
○

Lockheed Martin (LM)
Vandenberg Air Force Base
(VAFB)
■ Astrotech Space Operations
(ASO) cleanrooms [Airlock,
East High Bay, West High
Bay]
■ Space Launch Complex 3
East (SLC-3E)

● Goal: Identify all 1,293 isolates
this summer

Isolate Culturing
● All isolates revived from glycerol or Cryobead stocks and grown on TSA plates for
24-72 hours
● Morphology examined to confirm pure
culture of each isolate
● Mixed culture frequency: 17 out of 1,293
(~1.31%)
○

○
○

Mixed culture: different colony types are
separated via subculturing and new archiving
stocks are made
Total number of InSight isolates increased to
1,310 after mixed stocks separated out
Mixed cultures comprised of only 2 different
organisms

MALDI-TOF Background
● Matrix assisted laser desorption/ionization time-of-flight mass spectrometry
(MALDI-TOF MS)
● Generates protonated peptide ions via laser ablation of samples; time of flight
for each charged particle is determined by their m:z ratio
● Creates a unique protein spectrum that allows for identification of isolates

MALDI-TOF Methodology: Direct Transfer

Apply isolate biomass to
target in quadruplicate

Overlay with 70% formic
acid and HCCA matrix

Compare spectra against database and
(hopefully) get a match

Run on mass spectrometer

Generate peptide spectrum

MALDI-TOF Methodology: Formic Acid/Tube Extraction
● Organisms with difficult morphology do not run well on MALDI-TOF
Isolates that are
extremely hard or
demonstrate difficult
morphology will
require formic acid
extraction.

● Formic acid extraction involves:
○ Additional mechanical lysis (2 rounds of vortexing, 15 mins each)
○ Additional chemical lysis (increase time of chemical exposure)
● Approximately 220 isolates (16.8%) of all archived InSight organisms required
tube extraction

MALDI-TOF Methodology: Formic Acid/Tube Extraction

Inoculate two loops of
biomass into 75% ethanol

Add 1 µL supernatant
to target and overlay
with matrix

Vortex for 15 minutes

Add 100 µL 100%
acetonitrile and
centrifuge x2 minutes

Pellet isolate and decant
ethanol

Add 100 µL 70% formic acid
and vortex again for 15
minutes

MALDI-TOF Methodology: Database
● Following direct transfer or formic acid extraction, the organism is run on the
MALDI-TOF and results in one of the following:
1. Spectra that matches to an isolate in the database (>2.2 log score)
2. Spectra that do not match to an isolate in the database (<2.2 log score or “not reliable identification”)
3. No spectra found

● “Database” is composed of Bruker standard database (primarily clinical samples)
and JPL in-house database

Limitations of the Database
● JPL in-house database is still being developed and is currently M2020centric
○

InSight organisms are not well represented in the database

● Database reference spectra are created using 16S rRNA taxonomic
assignments
○
○

Generally, 16S has reliable species discrimination
Exception: taxonomic groups

● Taxonomic groups: Isolates within the same taxonomic group are
indistinguishable by 16S sequencing (>99% sequence similarity)
○
○

Ex. Bacillus cereus group, composed of 11 closely related species
32 taxonomic groups present throughout InSight organisms

Database Match

47: No spectra generated
→ resolve with sequencing

3.6%

406: all 4 spectra <2.2 log
score

698: at least 3 spectra
matched to database with >2.2
log score

→ resolve with sequencing

31.0%
53.3%

159: less than 3 spectra
match to database with
>2.2 log score
→ troubleshoot sample prep
protocol

12.1%

→ 516 : >2.2 log score for at least 3
out of 4 spots
→ 182: >2.2 log score for at least 3
out of 4 spots when considering
taxonomic groups

16S rRNA Sequencing
● 16S ribosomal RNA gene is highly conserved across
bacteria and has 9 hypervariable regions that allow
for taxonomic assignment
● Pros:
○
○
○

Well established
Golden standard of bacterial identification
Can provide evolutionary distance

● Cons:
○
○

Labor intensive DNA extraction
Poor discrimination of species within the same taxonomic
group
■ Isolates within the same taxonomic group are
indistinguishable by 16S sequencing (>99% sequence
similarity)

16S rRNA Sequencing
220 isolates

186 isolates

47 isolates

formic acid extractions that did not
match to anything in the database
(all 4 spots <2.2 log score)

applied using direct transfer but did
not match to anything in the
database (all 4 spots <2.2 log score)

never produced spectra
despite several formic
acid extraction attempts

Clustering
resulted
in 17
groups

17 organisms sent
for sequencing

Clustering
resulted
in 43
groups

43 organisms sent
for sequencing

Clustering
not possible

All 47 organisms
sent for sequencing

Development of improved MALDI-TOF methodology
● Optimized formic acid/tube extraction protocol by increasing total amount of
inoculated biomass and reducing final supernatant volume: SOP revision will
be made
● Initial screening based on morphology: “difficult” morphology automatically
warrants formic acid extraction to prevent delay in identification
● Only used 96-well steel MALDI targets for identification this summer
○

○

Have hydrophobic coating surrounding hydrophilic sample wells
96-well plates are reusable; 48-well plates are for one-time use

Identification Results: Species Level

Where “Miscellaneous” refers to
bacterial species identified <10 times

Bacillus aerophilus (9)
Bacillus cereus (9)
Micrococcus yunnanensis (9)
Brevibacillus sp. (9)
Cellulomonas humilata (7)
Bacillus infantis (6)
Bacillus subterraneus (6)
Bacillus toyonensis (6)
Paenibacillus sp. (6)
Paenibacillus xylanilyticus (6)
Bacillus australimaris (5)
Bacillus flexus (5)
Bacillus frigoritolerans (5)
Paenibacillus cookii (5)
Bacillus herbersteinensis (4)
Bacillus oleronius (4)
Bacillus paralicheniformis (4)
Brevibacterium pityocampae (4)
Paenibacillus glucanolyticus (4)
Paenibacillus lautus (4)
Kocuria palustris
(4)
Kocuria rosea (4)
Bacillus circulans (3)

Bacterium (4)
Bacillus atrophaeus (2)
Bacillus endophyticus (2)
Bacillus oceanisediminis (2)
Bacillus pumilus (2)
Bacillus stratosphericus (2)
Brachybacterium paraconglomeratum (2)
Micrococcus luteus (2)
Planomicrobium sp. (2)
Stenotrophomonas maltophilia (2)
Bacillus amyloliquefaciens subsp
amyloliquefaciens (2)
Paenibacillus woosongensis
(2)
Bacillus benzoevorans (1)
Bacillus halosaccharovorans (1)
Bacillus horikoshii (1)
Bacillus lentus (1)
Bacillus manliponensis (1)
Bacillus thermoamylovorans (1)
Bacillus thuringiensis (1)
Bacillus vietnamensis (1)
Fictibacillus sp. (1)

Micrococcus terreus (1)
Paenibacillus humicus (1)
Staphylococcus capitis (1)
Staphylococcus caprae (1)
Staphylococcus capitis subsp.
captis (1)
Staphylococcus epidermidis (1)
Paenibacillus provencensis (1)
Bacillus methylotrophicus (1)
Bacillus velezensis (1)
Brevibacillus invocatus (1)
Bacillus foraminis
(1)
Bacillus simplex (1)
Bacillus nealsonii (1)
Bacillus horneckiae (1)
Brevibacillus agri (1)
Terribacillus halophilus (1)
Staphylococcus warneri (1)
Staphylococcus equorum
subsp. equorum (1)

Most Abundant Organism: Bacillus megaterium
Strain

Percentage

Bacillus megaterium_MER_40

36.57%

Bacillus_megaterium_MER_TA_160
Bacillus megaterium_Ph_03A1.1.1
Bacillus megaterium_MER_TA_173

25.37%
13.43%
8.21%

Bacillus megaterium_MER_87

7.46%

Bacillus megaterium

6.72%

Bacillus megaterium_18B_2.1

2.24%

Identification Results: Genus Level
Miscellaneous Genera:
Kocuria: 1.2%
Cellulomonas: 1.0%
Staphylococcus: 1.0%
Bacterium: 0.3%
Brachybacterium: 0.3%
Planomicrobium: 0.3%
Stenotrophomonas: 0.3%
Fictibacillus: 0.1%
Terribacillus: 0.1%

Spore Formers vs Non-Spore Formers
● 94.6% of organisms are spore-formers
● Non-spore formers present (at genus level) include:
○
○
○
○
○
○

Micrococcus: known mechanisms of dormancy, found on human skin
Kocuria: generally of clinical impact, found on human skin
■ Generally non-pathogenic, save for Kocuria rosea
Staphylococcus: possibly processing contamination
Brachybacterium: found in soil
Planomicrobium: found in soil
Stenotrophomonas: found in soil; also has clinical impact as a multidrug resistant yet
uncommon pathogen

● With metadata, we can determine where these non-spore formers were
sampled from
○

Ex. Stenotrophomonas maltophilia sample (IN_540) was collected from a handling control on
12/13/2017

Future Directions: Metadata
InSight is ﬁrst spacecraft to have all isolates identiﬁed → we will use metadata and
isolate identities to make temporal and spatial comparisons.
● Temporal:
○
○
○

InSight 2016 vs InSight 2018
Pre/Post environmental testing
Before and after spacecraft shipment

● Spatial:
○
○
○

JPL vs LM vs VAFB
Different areas of the cleanroom/facility
Different areas on the spacecraft (i.e. lander legs vs solar arrays)

● Comparisons to other missions
○

Phoenix, MER, MSL, M2020, Viking
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